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Abstract 

Air pollution is a problem of environmental health risk in big cities. Recently, researchers have proposed 

using various artificial intelligence technologies to predict air pollution. The proposed model is Cooperative 

of Artificial Neural Network (ANN) and Fuzzy Inference System (FIS), to predict air pollution of Korean 

cities using Python. Data air pollutant variables were collected and the Air Korean Web site air quality 

index was downloaded. This paper’s aim was to predict on the health risks and the very unhealthy values of 

air pollution. We have predicted the air pollution of the environment based on the air quality index. 

According to the results of the experiment, our model was able to predict a very unhealthy value. 
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1. Introduction 
 

Air pollution is a global issue, and researchers are studying many approaches in many fields. Basically, 

two approaches are deterministic and statistical approaches. The statistical approach should collect large 

amounts of data related to various conditions of air pollution. Therefore, many studies have been conducted 

on prediction of air pollution using statistical approaches with artificial intelligence. Typically, statistical 

approaches include multiple linear regression (MLR) [1], Artificial Neural Networks (ANNs) [2], supporting 

vector machine (SVM) [3], fuzzy logic (FL) [4], and Hidden Markov model (HMM) [5].  

Some researchers have proposed different techniques to predict the air pollution, the technology of 

artificial intelligence based on fuzzy logic and neural networks. In which, model is based on multi-layered 

neural fuzzy architecture with back propagation learning algorithm and others [6]. Most researchers study 

based on the concept of fuzzy logic, Fuzzy if-then rules and Fuzzy inference system with artificial 

intelligence [7]. 

First time, in 1965, fuzzy logic sets were formalized by Lotfi Zadeh as a mathematical way to represent 

linguistic vagueness [8]. As reported by the fuzzy logic idea, factors and criteria can be categorized without 

certain limits. However, it is related to some degree of uncertainty. The modeling of many systems includes 

the consideration of some uncertain variables in fuzzy logic, such as, “low”, “normal”, ”high” in place 
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of ”yes/no” or ”true/false” variables. Membership functions determine the Fuzzy sets. The membership 

function of a fuzzy set is defined as CO2 and membership degree of its fuzzy set is rated as a number 

between 0 and 1 [9].  

The fuzzy inference system (FIS) has a computing framework with the concepts of fuzzy set theory, and 

fuzzy if-then rules, fuzzy reasoning. In addition, FIS has developed useful applications in various areas, 

including automatic control, data classification, expert system time series prediction, robotics, etc. [10]. The 

most commonly used fuzzy inference is the Mamdani fuzzy model and Sugeno fuzzy model (Takagi-Sugeno 

or TSK fuzzy model). Takagi and Sugeno proposed Sugeno fuzzy model [11], while Sugeno and Kang built 

up a methodical approach to generating fuzzy rules from a given input-output data set. This model is built 

with if then rules that have fuzzy antecedent and functional consequent. 

Fuzzy Neural Network or Neuro-Fuzzy System combines from Neural Network and Fuzzy System. Neural 

Networks have efficient learning algorithms and support the development of fuzzy systems. Neural networks 

and fuzzy systems can be combined to join its advantages, as well as Neural networks have introduced its 

computational characteristics of learning in the fuzzy systems. In general, the processing elements of a neural 

network are similar to the mimic neurons in the human brain [12]. Neuro Fuzzy systems [13] show two 

different actions of behavior. In a first phase, called learning phase, it conducts like neural networks that 

learns its internal parameters off-line. Then, in the execution phase, it conducts like a fuzzy logic system. We 

have constructed and proposed the combining of ANN and FIS. 

The aim of this paper is to create an Artificial Neural Network and Sugeno Fuzzy Model and to predict the 

Air Pollution of Korean cities using Python. Artificial neural networks and Sugeno fuzzy models can predict 

air pollution of Korean cities. In other words, we would like to study and predict on the health risks and the 

very unhealthy of air pollution. 

 

2. Theory and Method 

2.1 Sugeno Fuzzy Inference System 

To explain Sugeno Fuzzy Inference System, it first takes Fuzzy inference system, then introduces Sugeno 

rule and Sugeno Fuzzy inference system. Fuzzy inference system consists of four parts, namely that: 

Fuzzification, fuzzy rule base, fuzzy decision, and defuzzification [7] in Figure1.  

 

Figure 1. Fuzzy Inference System 

 We have well introduced the Sugeno fuzzy model (Takagi-Sugeno or TSK fuzzy model). The below figure 

2 shows the Sugeno rule. Sugeno fuzzy standard rule has the following form:  

 If Input 1 = x and Input 2 = y, then Output is z=ax+by+c 

For a zero-order Sugeno model, the output level z is a constant (a=b =0). The output level zi of each rule is 

weighted by the firing strength w of the rule. For example, for an AND rule with Input 1 = x and Input 2 = y, 

the firing strength is 𝒘𝒊 = 𝑨𝒏𝒅𝑴𝒆𝒕𝒉𝒐𝒅(𝑭𝟏(𝒙), 𝑭𝟐(𝒚)) where 𝐹1,2(. ) are the membership functions for 

inputs 1 and 2. The final output of the system is the weighted average of all rule outputs, computed as 
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where N is the number of rules. A Sugeno rule operates as shown in the following diagram. 

 Sugeno Fuzzy Inference System requires input and output variables of Sugeno Fuzzy rules. The below 

figure 2 shows the Sugeno Fuzzy Inference System. 

 

 
Figure 2. Sugeno Fuzzy Inference System 

 

2.2 Proposed model 

 This paper is to create an Artificial Neural Network and Sugeno Fuzzy Model and to predict the Air 

Pollution of Korean cities using Python. 

 

Figure 3. Proposed Artificial Neural Network and Sugeno Fuzzy Model 

 Artificial Neural Network and Sugeno Fuzzy Model can predict city of Air Pollution. Figure 4 displays 

proposed model research flow. 

 
Figure 4. Proposed model research flow 

 

3. Experiment 
 

3.1 Data collection 
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 We collected variables of air pollutant data from Air Korea Web site (https://www.airkorea.or.kr/web). In 

this study, we have used the Comprehensive air quality index (CAI) that is a method of describing ambient 

air quality based on health risk of air pollution. This index shows categories, values, descriptions of air 

quality. CAI is divided into four categories and from 0 to 500 values, meaning that the higher the score of 

values, the worse the air quality. Figure 5 obviously explains CAI. 

 

 

Figure 5. Comprehensive air quality index (CAI)  

3.2 Experiment 

 SK Fuzzy was generated as shown in Figure 2 model. Then we installed the skfuzzy package and initialized 

the fuzzy air functions, and defined the input value as well. Input value is variables Fuzzification.  

A membership function was created that determines input parameters and air quality index data was 

downloaded. The output values (Defuzzification) are defined in Figure 6. 

 

Figure 6. Code air quality index data  

  

  

The WeightedDefuzzifier class is the base class for defuzzifiers that compute a weighted function on the 

Takagi-Sugeno fuzzy set without requiring to integrate over the fuzzy set. It is an edge to also indicate the 

Sigmoid class. This term that represents the sigmoid membership function. It is defining membership 

https://www.airkorea.or.kr/web
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sigmoid activation function [14]. We have developed a base of Fuzzy Rule based on Sugeno fuzzy inference 

system. This rule is the following format IF –THEN Rule. 

 

 

Figure 7. Rule of Sugeno fuzzy inference code 

 

 The training set is the one on which we train and adapt our model basically to match the parameters,  

while the test data is used only to evaluate the performance of the model. The output of training data is 

available for the model, while the test data is the unseen data for which predictions have to be made. 

Typically, training data is larger in size than the test data. However, the model can generally over fit the 

training data, and training set error can underestimate test set error. So, a http://www.airkorea.or.kr/web site 

set of samples from training data is selected that is used to train the model. This set is called the validation 

set. So, during modeling, we train our data to fit parameters of our model on the training set. We performed 

to tune the air quality index parameter to the validation set and to make a final assessment of our fitted model 

on the testing set. 

 

4. Results 
 

 The results of the training data are analyzed according to the ANN training model. Four condition values 

PM-10 (㎍/㎥) are shown in figure 8. 

 

Figure 8. Result of Air pollution training data 

 The above figure shows the distribution of PM10 training data of air pollution. According to the results of 

the experiment, the red line shows a very unhealthy value and the blue line shows a good value. It means 

about prediction of the health risks and the very unhealthy of air pollution.  

http://www.airkorea.or.kr/web
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Figure 9 displays result of air pollution testing data. 

 

 

Figure 9. Result of Air pollution testing data 

 

5. Conclusion 
 

 In this paper, air pollution of Korean cities is predicted by Cooperative of Artificial Neural Network and 

Fuzzy Inference System model using Python. SK Fuzzy was generated according to the model. Then we 

installed the skfuzzy package and initialized the fuzzy air functions, and defined the input value as well.   

Input value is variables Fuzzification. A fuzzy set was generated that describes variables input as 

fuzzification, and variable output as defuzzification. Our rule is based on Sugeno fuzzy inference system. 

This rule is If - Then Rule involves.  

 The output of training data is useful for the model, while test data is the unseen data for which 

predictions have to be made. On the test set we did a final assessment of our fitted model. We have predicted 

the air pollution of the environment based on the air quality index. According to the results of the experiment, 

our model was able to predict a very unhealthy value. In the future, it is necessary to collect more data of the 

air pollution and to increase the accuracy of the system. 
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